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THIS INVENTION relates to a separating device 
suitable for use in treating a particle containing gas 
flow stream to separate particles from the gas or to 
clean the gas of particles. 

The kind of separating device to which the 
invention relates, can more precisely be described as a 
vortex tube particle recovery device or as a vortex tube 
gas cleaning device, depending on which aspect of its 
operation emphasis is placed. This invention more 
particularly has in mind the cleaning of gas, especially 
the cleaning of air. Thus, generally, the term vortex 
tube gas cleaning device will be used in the 
specification. 

For convenience, to denote direction, the 
terms "upstream" and "downstream" will be used in this 
specification. These terms should be interpreted in 
relation to the normal direction of flow through the 
device in use. 

More specifically, the invention relates to a 
vortex tube gas cleaning device or particle recovering 
device suitable for use in treating a particle 
containing gas flow stream to clean the gas of particles 
or to recover particles from the gas, the device 
comprising 

an outer round tube having an inlet at one end 
which will be an upstream end in use; 
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an axially arranged vortex or rotating flow 
generator in the tube downstream of the inlet; 

a separation region downstream of the vortex 
generator; 

a peripheral outlet region toward the periphery of 
the tube downstream of the separation region; 

a central outlet region toward the centre of the 
tube downstream of the separation region; 

an inner round extraction tube, arranged 
concentrically within the outer round tube to separate 
the peripheral and central outlet regions, . having an 
inlet at an upstream end thereof which is at a 
predetermined axial position corresponding to the end of 
the separation region, and an outlet means for the 
central outlet region at a downstream end thereof; and 

outlet means for the peripheral outlet region 
toward a downstream end thereof. 

In accordance- with the invention, in cleaning 
a particle containing gas flow stream from particles in 
a gas cleaning device, or recovering particles from a 
particle containing gas flow stream in a particle 
recovering device, of the kind described, by 

introducing the particle containing gas flow stream 
axially into the outer round tube via its inlet; 

inducing rotating flow in said particle containing 
gas flow stream by guiding it through the vortex 
generator; 

allowing the particles to concentrate toward the 
outer periphery of the flow stream on account of the 
rotating flow; 

guiding a particle enriched portion of the flow 
stream, toward the outer periphery of the tube, into the 
peripheral outlet region; and 

guiding a particle depleted portion of the flow 
stream, toward the centre of the tube, into the central 
outlet region, 

there is provided the step of allowing the flow, 
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upstream of the peripheral outlet region and the central 
outlet region, to diverge by providing a divergent 
portion in the periphery of the outer tube. 

Said divergence may be allowed to take place 
in the separation region. 

Said divergence may take place over an axial 
length of the same order of magnitude as the nominal 
diameter of the tube at the inlet. Thus, it may take 
place over an axial length between about 0,5 times and 
about 2 times, preferably between about 0,7 times and 
1,5 times, the nominal diameter of the tube. 

The degree of divergence may be such that it 

increases the flow area by an amount of between about 5% 
and about 200%, preferably between about 15% and about 
60%. 

The included angle of divergence may be 

between about 2,5° and about 20°, preferably about 5° to 

10*. Thus, the inner periphery may form an angle of 
about 2,5° to 5° with the axis of the tube. 

Instead, in a preferred method, such 
divergence may be allowed to take place in substantially 
the whole of the region of the vortex generator as well 
as in the separating ■ region. Then, divergence may take 
place over an axial length between about l time and 
about 3 times the nominal diameter of the outer tube at 
its inlet. Correspondingly, the increase in flow area 
may be between about 30% and about 800%, preferably 
between about 500% and and about 600%. Correspondingly, 
the included angle of divergence may be between about 7° 
and about 120°, preferably between about 15° and about 
60° , most preferably about 30°. 
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Accordingly, the invention extends to a vortex 
tubfe gas cleaning device or vortex tube particle 
recovery device of the kind described and suitable for 
use in carrying out the method of the invention, in 
which at least a portion of the periphery of the outer 
tube upstream of the peripheral outlet region and 
central outlet region is divergent. 

The divergent portion may be in the separation 

region. 

Instead, in a preferred embodiment, the 
periphery of the outer tube in the region of the vortex 
generator and the separation region may be divergent. 
The periphery of the vortex generator is preferably 
correspondingly divergent. Then, preferably, a central 
chine of the vortex generator may be divergent, which 
divergence may be of the same order as the divergence of 
the vortex generator. 

In one aspect, the present invention provides 
a method of cleaning a particle containing gas flow 
stream from particles in a gas cleaning device, or 
recovering particles from a particle containing gas 
flow stream in a particle recovering device, of the 
kind comprising: 

an outer round tube having an inlet at one 
end which will be an upstream end in use, and an 
opposed end which will be a downstream end in use, the 
outer round tube having a continuously divergent 
portion extending from the inlet downstream through a 
predetermined axial distance; 
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an axially arranged vortex or rotating flow generator 
in a vortex generating region in the tube downstream of the 
inlet; 

a separate region downstream of the vortex generating 
region, said predetermined axial distance being at least equal 
to the cumulative length of the vortex generating region and 
the separation region; 

a peripheral outlet region toward the periphery of 
the tube downstream of the separation region; 

a central outlet region toward the center of the tube 
downstream of the separation region; 

an inner round extraction tube, arranged 
concentrically within the outer round tube to separate the 
peripheral and central outlet regions, having an inlet at an 
upstream end thereof which is at a predetermined axial position 
corresponding to the end of the separation region, and an 
outlet means for the central outlet region at a downstream end 
thereof, said upstream end of the inner round extraction tube 
cooperating with the outer round tube to define an annular 
inlet of the peripheral outlet region; 

locating means locating the inner round extraction 
tube toward the downstream end thereof to the outer round tube 
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such that the inner round extraction tube extends cantilever 
fashion in an upstream direction from the locating means and 
such that the inlet of the peripheral outlet region is 
circumferentially continuous and without circumferentially 
interrupted structure; and 

outlet means for the peripheral outlet region toward 
a downstream end thereof, 

the method including 

introducing the particle containing gas flow stream 
axially into the outer round tube via its inlet; 

inducing rotating flow in said particle containing 
gas flow stream by guiding it through the vortex generator; 

allowing the particles to concentrate toward the 
outer periphery of the flow stream on account of the rotating 
flow; 

guiding a particle enriched portion of the flow 
stream, toward the center of the tube, into the central outlet 
region; 

guiding a particle depleted portion of the flow 
stream, toward the center of the tube, into the central outlet 
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region; and 

allowing the flow to diverge along said continuously 
divergent portion of the outer round tube. 

In a further aspect, the present invention relates to 
a vortex tube gas cleaning device or vortex tube particle 
recovery device suitable for use in treating a particle 
containing gas flow stream to clean the gas of particles or to 
recover particles from the gas, the device comprising: 

an outer round tube having an inlet at one end which 
will be an upstream end in use, and an opposed end which will 
be a downstream end in use, the outer round tube having a 
continuously divergent portion extending from the inlet 
downstream through a predetermined axial distance; 

an axially arranged vortex or rotating flow generator 
in a vortex generating region in the tube downstream of the 
inlet; 

a separation region downstream of the vortex 
generating region, said predetermined axial distance being at 
least equal to the cumulative length of the vortex generating 
region and the separation region; 

a peripheral outlet region toward the periphery of 
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the tube downstream of the separation region; 

a central outlet region toward the center of the tube 
downstream of the separation region; 

an inner round extraction tube, arranged 
concentrically within the outer round tube to separate the 
peripheral and central outlet regions, having an inlet at an 
upstream end thereof which is at a predetermined axial position 
corresponding to the end of the separation region, and an 
outlet means for the central outlet region at a downstream end 
thereof, said upstream end of the inner round extraction tube 
cooperating with the outer round tube to define an annular 
inlet of the peripheral outlet region; and 

locating means locating the inner round extraction 
tube toward the downstream end thereof to the outer round tube 
such that the inner round extraction tube extends cantilever 
fashion in an upstream direction from the locating means and 
such that the inlet of the peripheral outlet region is 
circumferentially continuous and without circumferential ly 
interrupted structure; and 

outlet means for the peripheral outlet region toward 
a downstream end thereof. 
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Further aspects of the invention will become 
apparent upon reading the following detailed 
description and the drawings which illustrate the 
invention and preferred embodiments of the invention. 

The invention is now described by way of 
example with reference to the accompanying diagrammatic 
drawings. In the drawings, Figure 1 is an axial 
sectional view illustrating a first embodiment of the 
invention and Figure 2 is an axial sectional view 
illustrating a second embodiment of the present 
invention. 

With reference to Figure 1 of the drawings, a 
first embodiment of a vortex tube gas cleaning device is 
generally indicated by reference numeral 10. The device 
10 is generally of symmetrical round shape and is 
assembled of different components of. moulded synthetic 
plastics material. In other embodiments, the devices 
may be of other materials, such as of abrasion-resistant 
metal, e.g. steel; corrosion-resistent or non-corrosive 
metal, e.g. steel; or the like. 

The device 10 comprises an outer round tube 
generally indicated at 12, a vortex generator 16 fitting 
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snugly within the tube j 12 toward one end and an inner 
extraction tube 4 0 in the form of an inner round tube 
fitted co-axial ly within the outer tube 12 toward the 
opposed end thereof. The end having the vortex 
generator will in use be the upstream end, and the 
opposed end will be the downstream end. « 

At said upstream end, the tube 12 has an inlet 
14. From the inlet 14, the tube 12 extends parallel for 
a portion of its length to define a vortex generating 
region 18 within which the vortex generator 16 is 
located. At its upstream end, the tube 12 has a 
mounting formation in the form of a recess 20. 

The vortex generator 16 has a central core or 
chine 26 and a pair of helical blades 28 arranged around 
the core 26, auger fashion. Each blade curves through 
an angle of 180°. At their peripheries, each blade is 
at an angle of 57° with the axis. 

Downstream of the vortex generating region 18, 
the wall of the tube 12 diverges as indicated at 30 for 
a predetermined distance. The included angle of 
divergence is equal to twice the angle 32 between the 
diverging wall and the axis of the device 10. The angle 
32 is 5° and the included angle is thus 10°. 

Downstream ofj the divergent portion 30, the 

i 

tube diverges more sharply to form a diffuser wall, 
which will be described in more detail hereinafter, 
generally indicated by reference numeral 34. 

Downstream of the diffuser wall 34, the tube 
12 is parallel as indicated at 38. A single outlet port 
36 which extends around a portion of the circumference 
through an angle of about 120 9 , is provided in the tube 
12 in the parallel portion 38. 
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The extraction tube 4 0 has at an upstream end 
an inlet identified byj its leading edge 42 and which 
leads into a central passage 44 which blends into a 
diffuser and extends to an outlet 48 of the extraction 
tube 40. 

The leading edge 4 2 is at a predetermined 
axial position of the device 10. A separation region 19 
is formed between the downstream end of the vortex 
generator and the leading edge 42. It is to be 
appreciated that the separation region 19 is divergent 
as described above. 

Downstream of the separation region 19, an 
outer peripheral or scavenge region 22 is formed 
annular ly between the inner extraction tube 40 and the 
outer tube 12; and a central or main outlet region 24 
is formed bounded by the inner extraction tube 40. . Both 
the scavenge region 22 and the main outlet region 24 are 
downstream of the separation region 19 . 

An annular inlet to the scavenge region 22 is 
formed around the leading edge 42. Closely spaced 
downstream of said inlet, a ring 50 which is integral 
with the inner extraction tube 4 0 projects into the 
scavenge region 22, The ring 50 forms an oblique 
leading wall 52 which, in use, contracts the flow in the 
scavenge region toward an annular orifice 54 defined 
annularly outside the crown of the ring 50. 

The diverging wall portion 34 acts like a 
diffuser in respect of; flow downstream of the annular 
orifice 54. 

Toward its downstream end, the inner 
extraction tube 40 forms a spigot portion 60, which may 
be slightly taper if desired. The spigot 60 terminates 
in an outwardly extending flange having a shoulder 62. 
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The spigot 60 fits snugly within the end portion 64 of 
the tube 12 and the end 66 of the tube 12 checks the 
shoulder 62. Thus, the inner extraction tube 40 is 
concentrically and axially located relative to the outer 
tube 12. The inner extraction tube 4 0 extends canti- 
lever fashion in an upstream direction to render the 
scavenge region 22 unrestricted. Thus the flow passage 
through the scavenge region 22 including the annular 
orifice 54 is continuous. 

In use, a particle containing gas flow stream 
is introduced into the tube 12 via the inlet 14 . 
Rotating flow is induced in the flow stream by the 
vortex generator 16 while the flow stream moves through 
the vortex generating region 18, When the rotating flow 
stream enters the separation region 19, it diffuses 
outwardly as allowed by the divergence 32. 

The rotating nature of the flow stream causes 
centrifugal forces to act on the particles, which are 
heavier than the gas in the flow stream, and to induce 
the particles to migrate outwardly and concentrate 
toward the outer periphery of the flow stream. The 
divergence 3 2 allows the particles to move radially 
further outwardly than what would have been possible in 
a parallel separation region. The divergence 32 has a 
secondary, diffuser effect of decelerating the flow thus 
gaining static pressure in the flow stream at the 
expense of kinetic or dynamic pressure. The decelerated 
flow also ameliorates wear on the tube 12 which is of 
importance especially in the case of abrasive particles. 

Generally, the particles are concentrated or 
enriched in the peripheral portion of the flow stream 
and the central portion of the flow stream is depleted 
of particles. 

As the particle enriched peripheral portion of 
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the flow stream flows into the scavenge region 22, it is 
first accelerated as it is contracted along the oblique 
wall 52 into the orifice 54, and is thereafter 
decelerated along the diffuser wall 34. The particle 
enriched portion of the flow stream moves into a plenum 
56 from where it exits via the outlet port 36. 

i 

The particle j depleted portion of the flow 
stream enters the central or main outlet region via the 
leading edge 42, is diffused in the diffuser and exits 
via the outlet 48. 

It is to be appreciated that the mass or 
volume flow ratio of the particle depleted flow stream 
to the particle enriched flow stream, which is referred 
to as the "cut" is controlled by controlling the 
pressure ratios between the inlet pressure at the inlet 
14 and the pressure downstream of the outlet port 36 on 
the one hand, and between the inlet 14 and downstream of 
the outlet 48 on the other hand. 

It is to be appreciated that the effect of the 
divergence 3 2 in the (separation region 19 described 
above enhances concentration of the particles in the 
scavenge region 22. 

In the diffuser region 34, static pressure is 
gained at the expense of dynamic or kinetic pressure, 
similarly to the secondary effect in the separation 
region 19. such gaining of static pressure at the 
expense of kinetic or dynamic pressure reduces the 
pressure drop between the inlet 14 and the plenum 56 and 
thus increases the efficiency of the device 10 from an 
energy consumption point of view. 

similarly, the diffuser in the central passage 
44 gains static pressure at the expense of kinetic or 
dynamic pressure which reduces the pressure drop between 
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the inlet 14 and the exit 48 and increases the 
efficiency of the device 10 from an energy consumption 
point of view. 

In a test sample of the general configuration 
of Figure l, having an . included angle of divergence of 
9°, an outer tube inner diameter of 18 mm, a total 
length of 60 mm, a vortex generating region length of 20 
mm, a vortex angle of 180° and a central orifice inner 
diameter of 10 mm, and operating at a total pressure 
drop of 4 inch standard 'water gauge (about 1 kPa) and an 
air mass flow of 4,6 gram per second, a total mass 
efficiency of dust removal of about 97% was obtained for 
AC coarse dust and operating at a 100% cut, i.e. no 
scavenge flow. 

For the same sample, and operating at 90% cut, 
the total pressure drop was 4 inch standard water gauge 
(about 1 kPa) , the air mass flow was 4,6 gram per second 
in the main flow stream, and the separation efficiency 
was more than 98%. 

Both tests were done with AC coarse dust. 

With reference to Figure 2, another embodiment 
of a vortex tube gas cleaning device in accordance with 
the invention is generally indicated by reference 
numeral 110. It is generally similar to the device 10 
of Figure 1 and is not again described. Like reference 
numerals refer to like parts. 

The device 110 differs from the device 10 in 
one important respect. The outer round tube 112 
diverges from its inlet 114 to a position intermediate 
the annular orifice 154 and the outlet port 13 6. The 
included angle of divergence, in this embodiment, is 
constant and is about 30°. The outer periphery of the 
vortex generator 116 diverges correspondingly. 
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The core or chine 126 of the vortex generator 
116 also diverges, generally at about the same angle as 
that of the outer tube 112. 

In a test sample of the general configuration 
of Figure 2 , having an included angle of divergence of 
14°, an outer tube inner diameter of 18 mm, a total 
length of 60 mm, a vortex generating region length of 20 
mm, a vortex angle of 180°, a total length of divergence 
of 40 mm, and a central orifice inner diameter of 12.5 
mm i.e. 56% larger flow area than 10 mm diameter, and 
operating at a total pressure drop of 3,4 inch standard 
water gauge (about 0,85 kPa) and an air mass flow of 5 
gram per second, a total mass efficiency of dust removal 
of about 97% was obtained for AC coarse dust and 
operating at a 100% cut, i.e. no scavenge flow. 

For the same sample, and operating at 90% cut, 
the total pressure drop was 3 , 4 inch standard water 
gauge (about 0,85 kPa) , the air mass flow was 4,7 gram 
per second in the main flow stream, and the separation 
efficiency was more than 98%. 

Both tests were done with AC coarse dust. 



In another test sample of the general 
configuration of Figure 2, having an inlet diameter of 
50 mm, an included angle of divergence of 30°, a total 
length of 160 mm, and a central orifice inner diameter 
of 40 mm, and operating at a total pressure drop of 2,8 
inch standard water gauge (about 0,7 kPa) and an air 
mass flow of 3 0 gram per second, a total mass efficiency 
of dust removal of about 91% was obtained for AC coarse 
dust and operating at a 100% cut, i.e. no scavenge flow. 



For the same sample, and operating at 100% 
cut, and with Alumina of median particle size of 8 6 
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micro metre, the total pressure drop was 2,8 inch 
standard water gauge (about 0,7 kPa) , the air mass flow 
was 30 gram per second in the main flow stream, and the 
separation efficiency was 99,7%. 

The Inventors have made inventive 
contributions to a number of aspects of separating 
devices of the kind to which this invention relates. 
The instant invention emphasises one such aspect namely 
divergent flow. . It is to be appreciated that the 
feature of the current invention, together with features 
emphasized in co-pending applications by the same 
inventors, give rise} to a number of advantages. 
Herebelow, those advantages to which the current 
invention contribute substantially, • are highlighted. It 
is to be appreciated that the feature of the current 
invention in isolation, is not necessarily the sole 
factor in the advantages mentioned. 

The advantages of the embodiment of Figure 2 
are generally similar to those of the embodiment of 
Figure 1, but to a larger degree, because of amplified 
divergence on account of a generally longer divergence 
and a generally larger angle of divergence. 

The Inventors; have found that, by commencing 
divergence in (at commencement of) the vortex generating 
region, a larger angle! of divergence can be tolerated 
.than in the Figure 1 embodiment. 

The Inventors have found that the ratio of the 
swirl or rotating component of velocity to the axial 
component of velocity (also called the "Swirl Number") 
is directly proportional to the radius of the divergent 
portion. Thus, although the absolute values of both 
components of flow velocity decrease due to the 
divergence the Swirl Number increases. 
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When a diverging type of gas cleaning device 
is compared to a parallel, type device of diameter equal 
to the larger diameter of the diverging device, it is of 
significance that the swirl (in the diverging device) is 
initially much more intense resulting in a faster 
concentration of particles toward the outer periphery, 
and thus enhances separation. The enhanced 

concentration toward the outer periphery allows one the 
option of using an inlet of larger diameter, without 
sacrificing separation efficiency. The larger diameter 
inlet has a significant beneficial affect on the 
pressure drop and thus 1;he energy consumption. 

j 

The Inventors have thus found that, under 
circumstances requiring a high separation efficiency at 
a low pressure drop, a divergent type of separating 
device yields a more advantageous design than a parallel 
type of device. 

When a divergent device is compared to a 
parallel device of the smaller diameter, separation 
efficiency remains good in spite of lower absolute swirl 
component of velocity because of the longer resident 
time on account of the lower axial velocity component, 

A major advantage of the divergent device is 
that it has a significant benefit in respect of erosion 
or abrasion. It has been found that erosion is 
exponentially proportional to the speed, the exponent 
being higher than 3. 

The Inventors are of opinion that a divergent 
separation device, especially of the Figure 2 type, can 
advantageously be used as a primary separator, or as a 
first stage of a series separator. They have found that 
a divergent separating device is less prone to blockage 
than parallel devices of comparable performance - simply 
stated, if an object with potential for blocking such as 
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a piece of cloth or paper, is present in the flow 
stream, and can enter the inlet, it can generally pass 
through the device, inore specifically through the 
peripheral outlet region. 

The Inventors have found that a separating 
device in accordance with the invention, can generally 
operate satisfactorily at a 100% cut, i.e. with 
substantially no gas flow in the peripheral outlet 
region. A 100% cut is in practice achieved by 
communicating the outlet means for the peripheral outlet 
region with a closed chamber. The chamber will have 
means to allow emptying thereof from time to time to 
remove particles. Although this will normally 
marginally reduce the separation efficiency, it has 
large advantages in that treatment of the scavenge flow 
is greatly simplified. Merely the scavenged particles 
need be processed - there is no scavenge gas flow to 
process such as by filtration. This has beneficial cost 
implications. 
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The embodiments of the invention in which an exclusive property 
or privilege is claimed are defined as follows: 

!• A method of cleaning a particle containing gas flow 

stream from particles in a gas cleaning device, or recovering 
particles from a particle containing gas flow stream in a 
particle recovering device, of the kind comprising: 

an outer round tube having an inlet at one end which 
will be an upstream end in use, and an opposed end which will 
be a downstream end in use, the outer round tube having a 
continuously divergent portion extending from the inlet 
downstream through a predetermined axial distance; 

an axially arranged vortex or rotating flow generator 
in a vortex generating region in the tube downstream of the 
inlet; 

a separate region downstream of the vortex generating 
region, said predetermined axial distance being at least equal 
to the cumulative length of the vortex generating region and 
the separation region; 

a peripheral outlet region toward the periphery of 
the tube downstream of the separation region; 
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a central outlet region toward the center of the tube 
downstream of the separation region; 

an inner round extraction tube, arranged 
concentrically within the outer round tube to separate the 
peripheral and central outlet regions, having an inlet at an 
upstream end thereof which is at a predetermined axial position 
corresponding to the end of the separation region, and an 
outlet means for the central outlet region at a downstream end 
thereof, said upstream end of the inner round extraction tube 
cooperating with the outer round tube to define an annular 
inlet of the peripheral outlet region; 

locating means locating the inner round extraction 
tube toward the downstream end thereof to the outer round tube 
such that the inner round extraction tube extends cantilever 
fashion in an upstream direction from the locating means and 
such that the inlet of the peripheral outlet region is 
circumferentially continuous and without circumf erentially 
interrupted structure; and 

outlet means for the peripheral outlet region toward 
a downstream end thereof, 

the method including 

introducing the particle containing gas flow stream 
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axially into the outer round tube via its inlet; 

inducing rotating flow in said particle containing 
gas flow stream by guiding it through the vortex generator; 

allowing the particles to concentrate toward the 
outer periphery of the flow stream on account of the rotating 
flow; 

guiding a particle enriched portion of the flow 
stream, toward the center of the tube, into the central outlet 
region; 

guiding a particle depleted portion of the flow 
stream, toward the center of the tube, into the central outlet 
region; and 

allowing the flow to diverge along said continuously 
divergent portion of the outer round tube. 

2 - A method as claimed In claim l including allowing 

said flow to diverge over an axial length between about l time 
and about 3 times the nominal diameter of the outer tube at its 
inlet. 

3« A method as claimed in claim 1, including allowing 

said flow to diverge to a flow area which is larger than the 
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flow area of the inlet of the outer round tube by between about 
30% and about 800%. 

4. A method as claimed in claim 1, including allowing 
said flow to diverge at an included angle of divergence between 
about 7° and about 120°. 

5. A method as claimed in claim 1, including allowing 
said flow to diverge at an included angle of divergence between 
about 15° and about S0°. 

6- A vortex tube gas cleaning device or vortex tube 

particle recovery device suitable for use in treating a 
particle containing gas flow stream to clean the gas of 
particles or to recover particles from the gas, the device 
comprising t 

an outer round tube having an inlet at one end which 
will be an upstream end in use, and an opposed end which will 
be a downstream end in use, the outer round tube having a 
continuously divergent portion extending from the inlet 
downstream through a predetermined axial distance; 

an axially arranged vortex or rotating flow generator 
in a vortex generating region in the tube downstream of the 
inlet; 
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a separation region downstream of the vortex 
generating region, said predetermined axial distance being at 
least equal to the cumulative length of the vortex generating 
region and the separation region; 

a peripheral outlet region toward the periphery of 
the tube downstream of the separation region; 

a central outlet region toward the center of the tube 
downstream of the separation region; 

an inner round extraction tube, arranged 
concentrically within the outer round tube to separate the 
peripheral and central outlet regions, having an inlet at an 
upstream end thereof which is at a predetermined axial position 
corresponding to the end of the separation region, and an 
outlet means for the central outlet region at a downstream end 
thereof, said upstream end of the inner round extraction tube 
cooperating with the outer round tube to define an annular 
inlet of the peripheral outlet region; and 

locating means locating the inner round extraction 
tube toward the downstream end thereof to the outer round tube 
such that the inner round extraction tube extends cantilever 
fashion in an upstream direction from the locating means and 
such that the inlet of the peripheral outlet region is 
circumferentially continuous and without circumferentially 
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interrupted structure ; and 

outlet means for the peripheral outlet region toward 
a downstream end thereof. 

7. A device as claimed in claim 6 in which the length of 
the divergent portion is between about 1 time and about 3 times 
the nominal diameter of the outer tube at its inlet, 

8. A device as claimed in claim 6 in which the flow area 
at the downstream end of the separation region is between about 
30% and about 800% larger than at the inlet of the outer tube. 

9- A device as claimed in claim 6, in which the included 

angle of divergence is between about 7° and about 120°. 

10. A device as claimed in claim 6 in which the periphery 
of the vortex generator is correspondingly divergent. 

11. A device as claimed in claim 6 in which the included 
angle of divergence is between the 15° and about 60°. 

12. A device as claimed in claim 10 in which a chine of 
the vortex generator is correspondingly divergent. 



ABSTRACT ■ . - 

VORTEX TUBE SEPARA TING DEVICE 

A vortex tube gas cleaning device 110 is used to clean a 
particle containing gas flow stream of particles. The 
device 110 has an outer tube 112 having an inlet 114 at 
an upstream end, and, in series downstream of the inlet 
114 a vortex generator 116 in a vortex region 118, and a 
separation region 119. j An inner extraction tube 140 is 
located at the downstream end of the tube 112 and 
extends concentrically 1 within the outer tube 112, 
upstream, canti-lever fashion. A peripheral outlet 
region 122 is defined annularly around the inner tube 
140 downstream of the separation region 119 and leads to 
an outlet port 136. A central outlet region 124 is 
defined within the inner tube 14 0 downstream of the 
separation region 119 and leads to an outlet 148. The 
periphery 130 of the outer tube 112 diverges at an angle 
132 through the vortex generating region 118 and the 
separation region 119. The periphery of the vortex 
generator 116 diverges correspondingly. 



